Abstract: Pt particles were supported on a highly mesoporous carbon xerogel and used 1 as catalysts for the oxygen reduction reaction (ORR) in Direct Methanol Fuel Cells 2 (DMFCs). Different synthesis routes were followed in order to study their influence on 3 the characteristics and the performance of Pt electrocatalysts, therefore determining the 4 optimal synthesis method for the preparation of these carbon xerogel supported 5 catalysts, leading to the highest catalytic activity. The highest active catalyst was 6 compared to a Pt catalyst supported on commercial carbon support, Vulcan, synthesized 7 in the same conditions. Synthesis methods studied were impregnation, following two 
Introduction

21
The oxygen reduction process is a limiting step in the development of highly 22 efficient low temperature fuel cells, due to the large overpotential needed to achieve 23 high current densities [1] . Due to their intrinsic activity and stability in acidic solutions, 24 Pt/C electrocatalysts are, at present, the most widely used materials as cathodes [2] in 25 proton conducting electrolyte-based low temperature fuel cells, such as direct methanol 26 fuel cells (DMFCs), operating with methanol, a liquid fuel presenting great advantages 27 in terms of handling [3] . Nevertheless, there is still great interest in developing more 28 active, selective and less costly electrocatalysts for the oxygen reduction reaction (ORR)
Electrochemical characterization and activity
144
Gas diffusion electrodes were prepared according to a procedure described 145 elsewhere [32] , consisting of carbon cloth backing, gas diffusion layer and the catalytic pasted on a backing layer (HT ELAT, E-TEK) and with a Nafion content of 15% wt.
152
The Pt loading was kept to ca. 0.5 mg cm -2 .
153
Single cell tests were performed in a fuel cell test fixture of 5 cm 2 active area. respectively. Cathode operation conditions were selected to avoid limiting effects on the 160 cell behavior, such as methanol crossover [33] , membrane dehydration, which may 161 influence the evaluation of the anode polarization's. In this regard, a good hydration of 162 the membrane inside the cell was achieved by the use of oxygen feed, high pressure and 163 high oxidant flow rates. Obviously, these conditions are not consistent with a practically 164 viable device [34, 35] . Single cell performances were investigated by steady-state Besides gas diffusion electrodes for half-cell tests were prepared according to a 174 procedure described elsewhere [36] , consisting of carbon cloth backing, gas diffusion 175 layer and the catalytic layer under study. To reduce the flooding effects in the sulfuric Table 3 contains the percentages of each species after quantitative deconvolution 245 of the peaks, shown in Figure 3 . Generally, Pt 0 was found to be the predominant species (Table 1) . Micelles then get agglomerated on the carbon surface, as a 277 consequence of the interaction of consecutive nearby micelles.
278
Regarding the electrochemical characterization and activity of this series of 279 catalysts, Figure 5a and 5b shows the polarization and power curves at 30°C and 60ºC 280 respectively, for the DMFC equipped with the various Pt/CXG catalysts at the cathode.
281
Among the three CXG-supported catalysts, the one prepared following the formic acid respectively). Figure 5c shows a zoom of the polarization curve in the activation zone at 291 30ºC. As can be seen, the catalyst Pt/CXG-i-FAM, presents the highest intrinsic 292 activity, given its more appropriate crystal size, 3.6 nm, closer to the optimum size of 3 nm for the ORR determined by Kinoshita et al. [42] . average pore size of 11 nm, as observed in Figure 8b , that is, its pores are in average 335 more than two times narrower than those in the carbon xerogel. Table 4 shows the 336 textural parameters determined by means of N 2 adsorption isotherms (shown in Figure   337 8a), for both the carbon black, Vulcan, and the catalyst prepared using Vulcan as 338 support.
339
As previously observed for the carbon xerogel-supported catalysts, surface area as a consequence of the initially highly developed porous structure of this material.
346
XRD pattern, acquired for the Vulcan supported catalyst, along with a TEM 347 image of this catalyst, are both shown in Figure 9 . As can be observed, good dispersion 348 of the active phase can be as well achieved when using Vulcan carbon black as support.
349
In spite of its less developed porous structure, Pt particles appear adequately distributed.
350
The different morphology of this material can be also observed in this image, its using the carbon xerogel. XPS analysis for both catalysts, also shown in Table 5 , certain degree of short range order, as previously described in [47] . However, this C-C support, Pt Pt/Vulcan-i-FAM given its highly conductive character, as previously 395 described in [31, 46] resulting in lower ohmic resistance.
396
Further analyses in a half-cell system provided with a gas diffusion electrode the specific activity decreases a 45%. One must take into account that the surface area 411 of the carbon xerogel doubles the one of Vulcan, and so is more prone to corrosion.
412
However, the carbon xerogel supported catalyst shows higher specific activity after the introduction of dopants such as nitrogen, boron [48, 49] or WO 3 [50] , previously 427 reported in literature as effective ways of improving carbon's electrical conductivity 428 [50, 51] , will be taken in consideration.
Conclusions
A highly mesoporous carbon xerogel was used as the carbon support in the preparation of Pt-catalysts, following several synthesis routes: two impregnation methods using both sodium borohydride (SBM) and formic acid (FAM) as reducing agents, and a microemulsion method.
Different synthesis routes led to catalysts having different physico-chemical
properties. The catalyst prepared through the formic acid impregnation method showed the lowest crystal size and slightly higher amount of reduced Pt on its surface. TEM analysis pointed to a better dispersion of the metallic particles in this case. The FAM catalysts presented the highest electrocatalytic activity. Both polarization and power density curves together with the impedance study evidenced enhanced performance for this catalyst over the rest of the catalysts of this series.
When compared to an analogously prepared Vulcan carbon black-supported catalyst, the xerogel based-catalyst still showed enhanced activity. The advanced textural properties of the xerogel carbon support allow the conservation of an important amount of wide mesopores (around 23 nm), even upon active phase loading. Not so many differences were observed between the two catalysts in terms of Pt crystal size.
Moreover, Pt dispersion looks adequate in the Vulcan-supported catalysts. XPS pointed, however, to an enhanced presence of Pt reduced species on the surface of the carbon xerogel-based catalyst. Though polarization and power density curves evidenced a better performance of the carbon xerogel-based catalyst, impedance studies showed that ohmic losses are more important when using this material as support, than when using the commercially available carbon black. This can be due to the higher electrical conductivity of Vulcan, in comparison to the carbon xerogel. However, the good results obtained point to this synthetic carbon material, carbon xerogel, as a highly promising electrocatalyst support. Its enhanced textural features make it possible to load higher amounts of Pt than the one used in the present work. There is still plenty of room for improvement, in terms of i.e. increasing the electrical conductivity of the materials, which would lead to a promising material for such applications. Pt/CXG-ME 3.9 17.1 
